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Abstract
opening wedge high tibial osteotomy (oWHto) is a
surgical procedure that aims to correct the weight-bea-
ring axis of  the knee, moving the loads laterally from
the medial compartment. Conventional indications for
oWHto are medial compartment osteoarthritis and
varus malalignment of  the knee; recently oWHto
has been used successfully in the treatment of  double
and triple varus. oWHto, in contrast to closing
wedge high tibial osteotomy, does not require fibular
osteotomy or peroneal nerve dissection, or lead to dis-
ruption of  the proximal tibiofibular joint and bone
stock loss. For these reasons, interest in this procedure
has grown in recent years. 
the aim of  this study is to review the literature on
oWHto, considering indications and prognostic fac-
tors (body mass index, grade of  osteoarthritis, instabi-
lity, range of  movement and age), outcomes at mid-
term follow-up, and limits of  the procedure (slope mo -
difications, patellar height changes and difficulties in
conversion to a total knee arthroplasty).
Keywords: high tibial osteotomy, knee, osteoarthritis,
opening wedge, prognostic factors.
Introduction
High tibial osteotomy (Hto) is a widely accepted pro-
cedure for treating varus alignment of  the knee associa-
ted with medial compartment overload/osteoarthritis
(oA). the purpose of  the procedure, which may be a
medial opening wedge, lateral closing wedge, dome or
“en chevron” osteotomy, is to shift the mechanical axis
of  the lower limb from the medial to the lateral com-
partment, thereby reducing the load and contact area
over the medial compartment. the first references to
Hto date back to 1961 (1); for a long time, closing
wedge high tibial osteotomy (CWHto) was the gold
standard of  treatment in this field. Consequently, there
exist numerous studies dealing with aspects (survival
and complications) of  CWHto.
CWHto involves fibular osteotomy, common pero-
neal nerve dissection, proximal tibiofibular joint dis-
ruption, and bone stock loss (2, 3). Furthermore, with
this procedure it is difficult to obtain gradual correc-
tion of  the axis. For these reasons, opening wedge high
tibial osteotomy (oWHto) has been gaining popula-
rity in recent years. Moreover, oWHto allows for bet-
ter tuning of  the osteotomy as well as triplanar and gra-
dual correction. the literature of  recent years therefore
contains various papers on different aspects of
oWHto: indications, surgical technique, limits and
results.
the aim of  this study is to review the literature on
oWHto, considering indications and prognostic fac-
tors, outcomes and limits of  the procedure.
Indications
Correct patient selection is mandatory for achieving
good results with oWHto (4, 5). According to the lite-
rature, the factors that could influence the prognosis
are: age, body mass index (BMi), grade of  oA, range of
motion (RoM), and associated instability. in order to
gain a better understanding of  the correct indications
for oWHto, we have reviewed each of  these factors
as examined in the most recent literature.
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Age
there is agreement in the literature regarding the asso-
ciation between age and outcomes of  Hto. some
Authors found that the risk of  failure increased 7.6%
for each year of  age (6). At 10 years, the survival rate of
Hto in patients younger than 65 years was 90 versus
70% in patients older than 65. Recently Howells et al.
(7) analyzed 164 patients who underwent Hto, of
whom 95 were reviewed at 10 years of  follow-up.
these Authors found that better survival is associated
with a pre-operative Western ontario and McMaster
Universities osteoarthritis index (WoMAC) >45 points,
age <55 years and BMi <30. However, in patients older
than 55 years, adequate preoperative functional scores
(more than 66.7 on the Japanese orthopaedic Asso -
ciation Knee score and a WoMAC greater than 45) (8)
might provide good survival and functional outcomes.
the Authors recommended the routine use of  preope-
rative functional outcome scores to guide decision-
making when considering a patient’s suitability for
Hto (7).
Bonasia et al. (9), studying 99 oWHtos, found that
age was a preoperative variable significantly related to
a poor outcome: the risk of  unsuccessful surgery was
five times higher for patients aged >56 years, indica-
ting the possible need to consider a narrower range.
BMI
the relationship between BMi and oWHto outco-
mes is still debated in the literature. Flecher et al. (10),
studying 313 patients, found that those with a BMi of
less than 30 had better outcomes. this finding was
confirmed by Howells et al. (7) in their study of  95
Hto patients.
Giagounidis and sell (11) examined 112 knees (94
patients) after Hto for varus and valgus alignment
(the osteotomy was performed on the medial or lateral
side in relation to the type of  malalignment). they
found that patients with a BMi greater than 10% above
normal values had a pain-free period of  5 years, as
opposed to 7.8 years for those with a BMi lower than
10% above normal values (11). since normal values of
BMi range between 18.5 and 24.9, we can say that a
BMi greater than 27.4 is associated with poorer outco-
me. on the other hand, naudie et al. (12), in a survival
analysis of  106 Htos, found that patients with a BMi
lower than 25 have even worse results. on the basis of
the hypothesis that lighter patients are often more acti-
ve, the Authors suggested that this finding could be
related to higher stress on the osteotomy site. Bonasia
et al. (9), studying 99 oWHtos, concluded that in
patients with a BMi greater than 30 the risk of  unsuc-
cessful surgery is 10 times higher, and Akizuki et al.
(13) stated that a BMi greater than 27.5 is associated
with early failure of  the osteotomy. these results are
summarized in Table 1. We can conclude that the ideal
BMi for Hto is a value of  between 25 and 27.5.
Grade of  osteoarthritis
the severity of  medial compartment oA is a relevant
Table 1. BMi and outcomes of  oWHto.
Authors (Ref.)                                     N° of  HTOs     Statistical method                         Results
Howells et al., 2014 (7)                      95                        Kaplan-Meier survivor analysis       ten-year survivorship: 69% for BMi >30 
                                                                                                                                               vs 97% for BMi <30
Bonasia et al., 2014 (9)                       99                        sLR, MLR                                      sLR: BMi>30 poor WoMAC/ Knee 
                                                                                                                                               society score (p 0.038); MLR BMi>30 not 
                                                                                                                                               significant (p 0.16)
Akizuki et al., 2008 (13)                     118                      Cox proportional hazard ratio        BMi >27.5 early failure, hazard ratio 0.174 
                                                                                                                                               (p 0.0015)
Giganoudis et al., 1999 (11)               112                      Kaplan-Meier survivor analysis       BMi >nV + 10%, T pain free period of  
                                                                                                                                               5.07 years; BMi <nV + 10%, T pain free 
                                                                                                                                               period of  7.8 years 
sLR=simple logistic regression; MLR=multiple logistic regression; BMi= Body max index; nV= normal values; oWHto= open wedge high tibial osteotomy
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predictor of  outcome after Hto. in a study by
Flecher et al. (10), 23 out of  31 knees (74%) classified
as Ahlback Grade 3 preoperatively required revision at
a mean follow-up of  16 years (10). Bonasia et al.
found statistically significant better outcomes in
patient with Ahlback Grade 0 (9). Floerkemeier (14)
evaluated 533 patients at an average of  3.6 years post-
operatively; before surgery, 85% of  these patients had
shown grade iii or iV oA. the Authors reported
good outcomes also in patients with severe mono-
compartmental arthritis, with a 6% rate of  local
postoperative complications. Furthermore, they found
no correlation between patient age and oxford Knee
score. these Authors found favorable midterm results
in oWHto even in older patients with a high degree
of  medial cartilage damage. Despite the observations
of  Floerkemeier et al., it is generally agreed in the lite-
rature that a low degree of  arthrosis is linked to better
outcomes; on the other hand, it is clear that tricompar-
timental oA is a contraindication to osteotomy (15,
16). Like Majima et al., we did not find any evidence
in the literature that shifting the weight-bearing line
towards the lateral compartment worsens the condi-
tions of  this compartment (17). in very young patients
a neutral alignment seems to be preferable. Correction
to a femorotibial angle between 6° and 14° of  valgus
was associated with an optimal clinical result (10).
Undercorrection to less than 5° of  femorotibial valgus
was associated with a high (62.5%) failure rate (18).
Range of  motion
RoM is another parameter that must be investigated
before performing an oWHto. Different Authors
have reported an association between reduced RoM
and worse outcomes, with a flexion contracture con-
stituting a contraindication to oWHto. Berman et al.
(19), in a retrospective study on 35 patients under-
going a total of  39 oWHtos, found that early failure
occurred in patients with a RoM <90°. Akizuki et al.
(13) identified 100° of  preoperative RoM as the
threshold value dividing good results from bad ones.
A RoM lower than 100° was linked to a hazard ratio
of  6.785 (p-value 0.001), and in the same study the
Authors affirmed that a preoperative maximum fle-
xion value lower than 120° was linked to a hazard ratio
of  2.982 (p-value 0.0474) (13). naudie et al. (12)
found that a preoperative RoM lower than 120° asso-
ciated with flexion contracture greater than 5° was
related to early failure (p-value 0.042). Bonasia et al.
(9) analyzed 99 oWHtos; after simple logistic regres-
sion, they concluded that a RoM lower than 120°
affected the outcome, producing a fourfold increase in
the risk of  unsuccessful surgery. However, using a
multiple logistic regression model this parameter did
not show statistical significance (p=0.16). the same
Authors found that a postoperative RoM of  less than
120° significantly affected outcomes, both in multiple
and single logistic regression models. in conclusion, as
confirmed by other recent studies (3, 4, 12, 20), a
preoperative RoM of  less than 120° increases the
likelihood of  a worse outcome.
Instability
Combined knee instability and malalignment is a chal-
lenging problem for the surgeon. it is important to
distinguish between a primary varus, double varus or
triple varus knee. As described by noyes et al. (21), a
primary varus is characterized by a primary varus
deformity of  the lower limb without any ligament
instability; this is the best indication for an oWHto.
Double varus is a condition characterized by the pre-
sence of  a varus bone deformity accompanied by liga-
ment instability, primarily of  the anterior cruciate liga-
ment (ACL). triple varus is characterized by the asso-
ciation of  varus deformity with central ligament insuf-
ficiency (anterior and posterior cruciate ligaments) and
failure of  the posterolateral corner. this condition is
usually associated with a varus thrust during gait.
some Authors (18, 22, 23) reported poor results of
Hto in patients with knee joint instability. However,
several recent studies seem to argue against knee joint
instability as a contraindication to oWHto. in cases
with combined instability and varus malalignment, a
combined or staged procedure, including both liga-
ment procedures and oWHto, can be considered (5,
21, 24, 25). ACL deficiency leads to progression of
oA due to increased anterior tibial translation upon
weight bearing (25). noyes et al. (21) demonstrated
that in varus angulated ACL-deficient knees, incorrect
analysis of  the lesion, focusing on ligaments and insta-
bility alone and not considering the varus alignment of
the knee, leads to failure of  the ligamentous recon-
struction. these Authors reported on 41 patients.
Before Hto was performed, these patients had
undergone failed procedures: a total of  72 failed pro-
cedures in the group affected by double varus knee
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(23 patients) and 66 in the triple varus knee group (18
patients). these failed surgical interventions were sim-
ple arthroscopy, partial or total meniscectomy, meni-
scus allograft or repair, and lateral collateral or poste-
rolateral reconstruction.
Hto in double and triple varus knees (whether or not
it is associated with ligament procedures) gives statisti-
cally significant improvements in pain, swelling, giving
away, and function during activities of  daily living and
sport (21).
Because of  the difference in shape between the medial
and lateral tibia, the medial oWHto can achieve mul-
tiplanar correction. this osteotomy can have effects
on the coronal and sagittal plane and, if  correctly
planned, may help to extend the indications for the
procedure, so that they include posterolateral laxity
with varus thrust, ACL deficiency and combined liga-
mentous laxity with varus or posterolateral thrust (5,
26). savarese et al. (24) reported that the amount of
posterior tibial slope after oWHto depends on the
position of  the plate used to stabilize the osteotomy.
An anteromedial plate increases the slope by an avera-
ge of  5.5°, while a posteromedial plate tends not to
modify the posterior tibial slope (24). noyes et al. (27)
calculated that for each 1-mm increase in the anterior
gap, there is a two-degree increase in the posterior
tibial slope.
As regards the timing of  the procedures in double or
triple varus knees, Badhe et al. (25), in their study on 14
patients with knee instability and varus alignment, sug-
gested that those with a double varus knee (varus plus
ACL deficiency) do well with single-stage Hto and
ACL reconstruction. triple varus knees (varus knees
associated with posterolateral corner and ACL defi-
ciency) do better with an oWHto than with a
CWHto, as combined osteotomy and ligament recon-
struction procedures can be performed without distur-
bing the proximal tibiofibular joint; if  posterolateral
structures are lax and not completed disrupted,
oWHto alone tends to stabilize the knee and could
avoid ligament reconstruction especially in chronic
lesions or if  the major symptom is pain and not insta-
bility (25). savarese et al. (24) stated that in patients with
a chronic posterior cruciate ligament (PCL)-deficient
knee associated with double or triple varus, oWHto
should be performed before soft tissue procedures.
Patients should be evaluated 6-8 months later, and if
the knee is still unstable, soft tissue reconstruction
should be performed. noyes et al. (21) affirmed that in
double varus knees, an arthroscopic gap test of  more
than 12 mm at the periphery of  the lateral tibiofemoral
compartment contraindicates ACL reconstruction at
the same time as osteotomy; the same Authors in triple
varus knees recommend staging the procedure.
summarizing the indications for Hto in patients with
ligament instability we can say that:
• in the presence of  a subacute ACL injury plus a
coronal malalignment (varus thrust) or sagittal
malalignment (increased tibial slope) the treatment
of  choice should be an Hto plus ACL reconstruc-
tion. it is suggested that this should be done as a
one-stage procedure (28, 29). 
• Chronic ACL injury with varus alignment should be
treated with Hto alone or Hto combined with
ACL reconstruction, depending on the patient’s age,
activity level and the reported instability (28, 29).
• Chronic ACL plus medial compartment oA or
varus thrust should be treated with Hto plus ACL
reconstruction as a one-stage procedure or Hto
alone, but if  there is residual instability this should
be followed by delayed ACL reconstruction (two-
stage procedure).
• if  there is a chronic posterolateral instability/laxity,
for example in cases of  PCL injury or posterior late-
ral complex injury, possibly associated with an ACL
injury, the treatment of  choice should be an Hto
alone, but if  there is residual instability a delayed
PCL reconstruction should be done (two-stage pro-
cedure) (30).
Table 2 summarizes the best indications for oWHto
according to the literature analyzed. 
Planning
the preoperative planning consists of  complete radio-
graphic evaluation of  the knee: anteroposterior and
lateral long-leg views on weight bearing, associated
with the Merchant view of  the patella and Rosemberg
view of  the lower limb (5, 24). on the X-rays, the
degree of  oA, the patellar height (insall-salvati,
Blackburne-Peel, or Caton-Deschamps index), as well
as the lower limb alignment on both the sagittal and
the coronal view should be assessed. in patients affec-
ted by double and triple varus, panoramic weight-bea-
ring X-rays can show a larger opening in the lateral
M. Corgiat loia et al.
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compartment, compared with the normal side, due to
ligament insufficiency of  the lateral structures of  the
knee. Magnetic resonance imaging (MRi) is an impor-
tant complementary examination that should be reque-
sted, as it provides important and detailed information
on the degree of  cartilage damage. Furthermore, in
cases of  double and triple varus, MRi helps in the dia-
gnosis of  peripheral and central ligament lesions, con-
tributing to the surgical planning (31).
the correction angle is calculated as described by
Dugdale et al. (32): from a point representing 3° to 5°
of  mechanical valgus located at 62.5% of  the tibial
width (approximately corresponding to the lateral
tibial spine), as measured from the tip of  the medial
edge of  the proximal tibia, a single line is drawn to the
center of  the femoral head. Another line is drawn
from this point to the center of  the ankle joint. the
angle between the two lines represents the angle of
correction (α). next, the osteotomy line is measured
from the medial (about 4 cm below the joint line) to
the lateral (tip of  the fibular head) side of  the proxi-
mal tibia. this measurement is transferred to both
rays of  the α angle from the vertex. in this way, the α
angle is defined by two identical segments (a1b1 and
a1c) equal to the osteotomy length, which are then
connected by another line (b1c). this line serves as the
base of  an isosceles triangle and corresponds to the
opening that should be achieved medially at the osteo-
tomy site (Fig. 1). Dugdale et al. (32) reported that a
weight-bearing line crossing the knee lateral to 75% of
the tibial plateau can potentially lead to a lift-off  of
the medial femoral condyle from the medial tibial pla-
teau. Unicondylar weight
bearing resulting from
distraction of  the medial
compartment is undesira-
ble and could result in
lateral compartment dete-
rioration. shifting the
weight-bearing line to a
Fig. 1. From a point representing
3° to 5° of mechanical valgus loca-
ted at 62.5% of the tibial width, a
single line is drawn to the center
of the femoral head. Another line
is drawn from this point to the
center of the ankle joint. The
angle between the two lines repre-
sents the angle of correction (α).
The osteotomy line is measured
from the medial (about 4 cm
below the joint line) to the lateral
(tip of the fibular head) side of the
proximal tibia. This measurement
is transferred to both rays of the α
angle from the vertex. The line,
b1c corresponds to the opening
that should be achieved medially
at the osteotomy site.
Table 2. Best indications for oWHto.
                                    Indications                                                          Literature
Age                              <56 years                                                               Bonasia et al., 2014 (9)  
ROM                           >=120, flexion contracture <5°                            Bonasia et al., 2014  (9); naudie et al., 1999  (12); Dettoni et 
                                                                                                                  al., 2010 (4)
BMI                            25-27.5%                                                               naudie et al., 1999 (12) Akizuki et al., 2008 (13)
Grade OA                   Ahlback i-ii                                                           Dettoni et al., 2010  (4)
Preop. PH                  CDi>0.6                                                                Portner, 2014 (36)
Preop. Scores             WoMAC >45                                                        Howells et al., 2014 (7)
Instability                   double varus + acute ACL tear with 1-stage         Rossi et al., 2011 (5); noyes et al., 2000 (21);
                                    procedure; triple varus with a two-stage                savarese et al., 2011 (24)
                                    procedure (oWHto and, if  there is residual 
                                    instability at 6-8 months, PCL and posterolateral 
                                    corner reconstruction)                                          
                                    
RoM=range of  movement; BMi=body mass index; ACL= anterior cruciate ligament; oWHto= open wedge high tibial osteotomy; PCL= posterior cru-
ciate ligament; CDi= Caton-Deschamp index; oA=osteoarthritis; PH=patellar height.
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point located at 62.5% of  the tibial plateau allows
unloading of  the medial compartment and avoids
deterioration of  the lateral one. According to the affir-
mations of  noyes et al. (21) and savarese et al. (24), if
oA of  the medial compartment is not present, the
mechanical axis should cross a point located at 50% of
the knee.
in patients with double and triple varus, or if
oWHto is performed in association with meniscal
transplantation or cartilage procedures (33), the
weight-bearing line can be moved to a neutral correc-
tion, avoiding unnecessary overcorrection; the aim
when calculating the opening wedge correction is to
transfer the axis of  weight bearing to the center of  the
knee, i.e. to achieve a final mechanical angle of  0° (21).
this is done in the same way as in cases of  primary
varus, but the line from the center of  the ankle and
from the head of  the femur cross in the center of  the
knee, forming the angle of  correction.
Surgical technique: OWHTO
the patient is positioned supine on a radiolucent ope-
rating table, and a tourniquet is placed around the
thigh. Arthroscopy should be performed first to
manage or assess associated pathologies. A longitudi-
nal incision is made starting from 1 cm below the joint
line and midway between the medial border of  the
tibial tubercle and the posteromedial border of  the
tibia. the pes anserinus is retracted distally with a blunt
retractor, exposing the superficial medial collateral
ligament. the ligament is partially detached distally
with a Cobb elevator, avoiding complete distal inser-
tion detachment, and the medial border of  the patellar
tendon is located and retracted. A guidewire is inser-
ted, under fluoroscopic control, beginning at the ante-
romedial tibia at the level of  the superior border of
the tibial tubercle, approximately 4 cm distal to the
joint line, to avoid damaging the lateral cortex. the
guidewire direction is towards the tip of  the fibular
head 1 cm below the lateral articular surface. the
osteotomy is performed immediately distally to the
guidewire, using an oscillating saw for the medial cor-
tex. the osteotomy is then completed within 1 cm of
the lateral tibial cortex using graduated thin flexible
osteotomes. two or three osteotomes can be piled up
at the osteotomy site to achieve the desired opening.
Calibrated wedges are then inserted into the osteo-
tomy in order to achieve the planned degree of  cor-
rection. the accuracy of  the correction is verified
using a long alignment rod under fluoroscopic con-
trol. the rod should lie at approximately 62.5% of  the
tibial width (just lateral to the lateral tibial spine). the
opening of  the osteotomy obtained is synthesized
with the chosen plate and two cancellous screws pro-
ximally and two cortical screws distally (Fig. 2). if  the
opening measures more than 10 mm bone grafting is
required (5). 
Limits
the literature on oWHto describes three main limits
of  the procedure: the risk of  increasing the tibial
slope, the risk of  a lowering of  the patella, and the
possible difficulty converting to total knee arthro-
plasty (tKA) (20, 34-36).
Modification of  the tibial slope
it is universally accepted that Hto can modify the
tibial slope, but there is still some disagreement over
the extent and, therefore, severity of  this modifica-
tion. the variability in the literature might be explai-
ned by the different methods used to calculate the
slope (27, 37).
Martin et al. (35) analyzed 323 consecutive oWHto
procedures. they divided the possible complications
occurring after Hto into three classes: 1. adverse
Fig. 2. Postoperative X-rays at 3 months: A: AP view of the operated
knee; B: lateral view of the operated knee.
BA
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events not necessitating further treatments; 2. adverse
events requiring additional or extended non-operative
management; 3. adverse events necessitating reopera-
tion or long-term medical care. A tibial slope increase
of  more than 10° was found in just 1% of  cases and
was classified as a class 1 complication. the Authors
concluded that tibial slope increase does not seem to
influence the WoMAC score.
the tibial slope variations in oWHto and CWHto
demonstrated by Ducat et al. (34) were smaller than
those usually described in the literature (changes of
less than 1°). these Authors concluded that, when the
surgical technique was respected, oWHto resulted in
very few side effects in terms of  tibial slope changes.
Because of  the configuration of  the tibia, an oWHto
in which the anterior osteotomy gap is equal to the
posterior one will increase the slope, decrease knee
extension and potentially increase ACL tensile load.
on the other hand, a CWHto with equally sized ante-
rior and posterior gaps will have little effect on the
slope. noyes et al. (27) developed a trigonometric cal-
culation method according to which the vertical gap
measurements of  the opening wedge osteotomy (A1,
A2) are functions of  the distance from the hinge axis
of  the lateral tibial cortex of  the opening wedge (B1,
B2), the oblique angle of  the anteromedial tibial cor-
tex α, and the distance along the osteotomy site (L)
(Fig. 3). Each millimeter of  difference in the anterior
gap may increase the tibial slope by approximately 2°.
to maintain the normal tibial slope, the height of  the
osteotomy at the posteromedial cortex will always be
greater than at the tibial tubercle. slope modification
can be controlled by using the correct technique and
ensuring correct planning. Furthermore, as highlighted
in the literature, slope modification can be useful in the
treatment of  knee instabilities and should be conside-
red a true limit of  oWHto (24, 28).
Patellar height
the risk of  obtaining a patella baja after oWHto is
reported in the literature, but the issue of  how to
avoid this is still debated. Longino et al. (38) affirmed
that combining tibial tubercle osteotomy with
oWHto decreases the risk of  patella baja.
oliver et al. suggested that the preoperative height of
the patella may determine the choice of  Hto techni-
que (CWHto, oWHto or combined technique). in
their study, they demonstrated that closing wedge
osteotomy produced patellar ascent in 13% of  cases;
patella baja was detected in 21% of  patients under-
going opening wedge osteotomy, while the change in
patellar height was minimal with combined osteotomy.
Chae et al. (39) found a decrease in the distance bet-
ween the patella and tibiofemoral joint line in 82% of
32 patients submitted oWHto. 26% of  postoperati-
ve Blackburne-Peel values satisfied the radiographic
criterion for patellar infera (Blackburne-Peel ratio
<0.54). it has been reported that the decreased distan-
ce between the patella and the tibiofemoral joint line
following medial oWHto is a function of  joint line
elevation, and that the high incidence of  patella infera
following medial oWHto may have deleterious
effects on patellofemoral biomechanics or may com-
plicate subsequent total knee arthroplasty (40).
summarizing what we found in the literature, changes in
patellar height may be due to three factors: joint line ele-
vation with respect to the anterior tibial tubercle, which
occurs when oWHto is carried out in the supra-tube-
rosity metaphysis; tibial slope modification; patellar liga-
ment relaxation or shortening for whatever reason (qua-
driceps collapse or late dystrophic phenomena). El
Fig. 3. Vertical gap measurements are functions of the distance from
the hinge axis of the lateral tibial cortex (B1, B2), the oblique α angle
of the anteromedial tibial cortex, and the distance along the osteoto-
my L. These functions are L=(B1-B2)COS(α); B2=[(A2)(B1)]/A1.
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Amrani et al. (41), in their study of  40 oWHtos, obser-
ved that a mean 1.5° increase in tibial slope tended to be
associated with decreased patellar height, but this corre-
lation failed to achieve significance. Joint line elevation
can be controlled through adequate preoperative plan-
ning. El Amrani et al. (41) found no correlation between
degree of  osteotomy opening and patellar height loss
with any index used.
Patellar height modifications due to ligament relaxa-
tion or shortening have been described by a number
of  Authors (41-43); all agreed that rigid internal fixa-
tion with early rehabilitation could reduce the inciden-
ce of  these modifications. El Amrani et al. (41) sugge-
sted not using oWHto in the presence of  a preope-
rative Caton-Deschamps index of  around 0.6. Portner
(36), in his study of  76 osteotomies of  different types
(oWHto, CWHto or combined), suggested that
the preoperative patellar height should determine
which type of  osteotomy is chosen. He recommended
that surgeons avoid lateral closing wedge osteotomies
when the patella is already very high (plateau-patella
angle greater than 29°), and that they avoid opening
wedge osteotomies when the patella is lower than the
normal mean of  25°. savarese et al. (24) suggested
that if  the anterior gap of  the osteotomy is greater
than 1 cm, it is better to perform an osteotomy to lift
the tibial tubercle by the same amount, in order to
avoid patella baja.
Conversion to total knee arthroplasty (TKA)
tKA after Hto is a technically demanding procedu-
re, and there is concern that a previous Hto can jeo-
pardize the outcome of  a tKA.
the literature studies reporting worse outcomes of
tKA after Hto compared with primary tKA do not
distinguish between oWHto and CWHto. Haslam
et al. (44) compared 51 tKAs after Hto (the Authors
considered closing and opening wedge osteotomies
together) with a matched group of  primary tKAs.
they found that although the overall Hospital for
special surgery scores showed no significant differen-
ce between the two groups, more patients in the
osteotomy group showed poor results (p=0.027),
significantly reduced flexion (p=0.006), and a higher
rate of  reoperation.
When unicompartmental knee arthroplasty (UKA),
oWHto and CWHto are considered separately the
results are different. niinimaki et al. (45) in their huge
study (1,036 patients with previous Hto compared
with 4,143 patients who underwent primary tKA)
reported that despite the increased technical difficul-
ties encountered in tKA after Hto, revision rates
were only slightly higher. on the contrary, Robertsson
et al. (46) found a significantly higher failure rate for
tKAs performed after previous CWHtos (n=356)
or UKAs (n=920) than for primary tKAs (n=118,229
patients) (risk ratio, 2.8; confidence interval [Ci], 2.2-
3.5; p<0.001, and 1.7 Ci, 1.1-2.6; p<0.001, respecti-
vely). However, the same Authors, comparing 482
oWHtos with the 118,229 de novo tKAs, found no
statistically significant differences. Moreover, in this
study, stemmed implants were used in 17% of  the
revised UKAs and in just 4% of  the revised Htos.
Bastos Filho et al. (47) found an increased need for
tibial tubercle osteotomy in tKA after CWHto and
for medial release in patients previously submitted to
oWHto.
Other debated issues
Stabilization of  the osteotomy
Failure of  the plate used for the fixation is one of  the
class 3 complications described by Martin et al. (35)
and it requires reoperation. in their finite element
analysis, Golovakha et al. (48) concluded that different
fixation devices generate different fixation stability
profiles for different opening wedge sizes. on the
basis of  computational simulations, none of  the stu-
died fixation types warranted intransigent full weight
bearing. the highest fixation stability was observed
for the tomoFix plates (Depuy synthes; oberdorf,
switzerland) and the lowest for the first generation of
Puddu plate (Arthrex; naples, Florida).
Hernigou et al. (49) reported good results using
Limmed locked plate fixation (Limmed; Pontoise,
France). they reported that all the 50 patients who
had undergone oWHto synthesized with this tool
were allowed immediate weight bearing. these pa -
tients were compared with a further 50 patients trea-
ted with other devices and without immediate weight
bearing. statistically significant differences were seen
between the groups in terms of  both radiographic
union and radiographic stability. the patients in the
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Limmed group showed a shorter time for union (ave-
rage four weeks difference) without loss of  correction
during healing. on radiographic evaluation, there was
a significant increase in osseointegration in the group
with weight bearing compared with the control group.
Computed tomography scans of  the grafted area at
four months after surgery showed no significant diffe-
rence between the two groups in the quality of  the
newly formed bone.
We prefer to use the second generation of  Puddu pla-
tes with two cancellous screws proximal to the osteo-
tomy and two cortical screws distal to the osteotomy.
this construct does not allow immediate weight bea-
ring after surgery, but if  the medial hinge is preserved,
it has proven its efficacy. this device allows a smaller
incision than other plates and has a simple instrumen-
tation allowing a shorter intervention time (for exam-
ple, a tomofix plate has four screws on the proximal
side of  the osteotomy and four in the distal part of
the plate). the shape of  the plate with a wedge that
supports the osteotomy allows better tuning of  the
osteotomy and better positioning of  the plate.
UKA vs HTO
in the literature there is debate over whether UKA
could be an alternative to Hto in the treatment of
unicompartmental oA in young patients affected by
varus knee. some Authors have reported that UKA
led to better outcomes with lower complication rates
(50), while others found that the results obtained with
UKA were superior only at a short-term follow-up
(51). Akizuki et al. (13), in their prospective study of
159 knees, achieved good results with Hto in 73.7%.
in our opinion these studies are not representative of
the true outcomes of  oWHto because there is a very
limited overlap of  indications between UKA and
oWHto, and also because in these studies the osteo-
tomy chosen was often a closing wedge osteotomy
and not an opening wedge one.
As described by Dettoni et al. (4), the only patients
who fit both indications (UKA and oWHto) are
moderately active men and women aged between 55
and 65 years, with a preoperative alignment of  5-10°
of  varus, a RoM of  100°, less than 5° of  flexion con-
tracture, and Grade ii (Ahlback scale) medial com-
partment oA. Respecting the correct indications for
oWHto, Dettoni et al. (4) concluded that oWHto
outcomes are similar to those of  UKA. oWHto sho-
wed a slightly better RoM and a somewhat lower risk
of  revision in the first years of  follow-up; these
Authors suggested that the advantages of  oWHto
over UKA are the ability to maintain a higher level of
activity without potential wear of  arthroplasty com-
ponents. For these reasons, Richmond (52) affirmed
that Hto seems to be a better choice than UKA for
younger and more active patients. the advantages of
UKA are the possibility of  replacing a severely dama-
ged compartment (any Ahlback grade), the preserva-
tion of  bone stock, the faster recovery time and the
minimal invasiveness in comparison with tKA; these
features make this treatment the ideal choice in older
patients (> 65 years old). in the study by Lobenhoffer
et al. in 533 patients fulfilling the abovementioned cri-
teria, the subjective ratings of  oWHto were better
than in comparable groups treated with UKA and
with tKA (53).
Yim et al. failed to identify any significant differences
between Hto and UKA for medial unicompartmen-
tal oA in terms of  return to recreational activity and
short-term clinical outcomes (54).
We conclude that the indications for UKA and Hto
do not totally overlap and that, respecting the correct
indications, good results can be obtained with both
the treatments.
Results of  HTO
the literature lacks studies describing long-term out-
come of  Hto, and few of  those that do exist  concern
oWHto. indeed, most of  the studies with a longer
follow-up deal with CWHto since the technique has
a longer history (and, therefore, a larger number of
documented cases). there is still no agreement on
which is the best osteotomy in terms of  outcome.
soleimanpour et al. (55), in their study of  42 knees,
found statistically significant differences (in operation
duration, weight bearing duration and return to routine
activities) between oWHto and CWHto, in favor of
oWHto. Harris et al. (51), in a systematic review
analyzing 69 studies (4,557 subjects), evaluated survi-
vorship and outcomes of  isolated Hto and Hto
combined with other procedures. they concluded that
at two years of  follow-up the survivorship was statisti-
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Table 3. outcomes of  oWHto in literature.
Author                          N° cases      Technique      Implant          Follow-up     Outcomes
                                     (mean age)
(Martin et al.,             323 (46.3 y)    oWHto         tomofix®       2 y
2014 (35)                                                                    and Puddu®                          
Floerkemeier et al.,    386                oWHto         tomofix®           3.6 y
2013 (14)
                                                                                                                               
Saito et al., 2014 (63)   78 (68 y)        oWHto         -                      6.5 y               
Saragaglia et al.,         83 (50.4 y)      62 oWHto;   -                      5.75 y
2014 (64)                                             21 double level                                              
                                                           osteotomies
Duivenvoorden           92  (49.9y)      47 CWHto    Puddu®           7.3 y               
et al., 2014 (57)                                  45 oWHto
                                                                                                                               
Niemeyer et al.,          69 (47y)         oWHto         tomofix®        3 y                 
2010 (65)
Harris et al.,               4344              1625                -                      7.1 y
2013 (51)                       (69 meta-       oWHto
                                     analysis          2486
                                     studies)          CWHto                                                      
                                                                                                                               
Hernigou et al.,          53 (60 y)        oWHto +    Buttress          10 y                
2010 (66)                                            beta-tCP         plate
                                     
DeMeo et al.,              20 (49 y)        oWHto         Puddu®           8 y                 
2010 (60)
                                     
Schröter et al.,            71 (40 y)        oWHto         Hto plate      1 y                 
2011 (67)
                                     
Laprade et al.,            47 (40.5 y)      oWHto         Puddu®           3.6  y              
2012 (68)
                                     
(Bode et al.,                51 (47 y)        oWHto         tomofix®        5 y                 
2015 (59)
                                     
Bonasia et al.,             99 (54 y)        oWHto        Puddu ®         7.5 y               
2014 (9)                                              (1 autologous
                                                           iliac bone graft 
                                                           + 60 HA-tCP 
                                                           substitute)
                                       
oWHto=open wedge high tibial osteotomy; CWHto=close wedge high tibial osteotomy; WoMAC= Western ontario and McMaster
Universities osteoarthritis index; UCLA=University of  California Los Angeles; Hss= Hospital for special surgery score; iKDC=international
Knee Documentation Committee score; MCs=Modified Cincinnati score; tCP=tricalcium phosphate; HA=hydroxyapatite.
WoMAC: class 1 (76 at 6 months; 80 at 12 months;
80 at 24 months); Class 2 (76 at 6 months, 80 at 12
months, 76 at 24 months); Class 3 (56 at 6 months, 74
at 12 months, 82 at 24 months)
Mean oxford Knee score 43 (range 8-48)
Knee society score from 49.6 (sD 11.4, 26 to 72)
preoperatively to 88.1 (sD 12.5, 14 to 100)
85.5% of  patients resumed sports activities, 79.5% at
the same level as before surgery. Lysholm score increa-
sed from 62.5±15.53 points to 90.49±8.62 points.
tegner score and UCLA score did not decrease
Hss score for oWHto increased one year after
surgery (baseline 72.3±9.5; one year 80.9±13.5; six
years 80.8±13.8)
iKDC score increased from 47.2±18.71 to
72.7±17.15. Lysholm score increased from
54.2±20.76 to 79.1±16.63 
Hss increased from 71.2±9.7 to 91.3±6.4 at 7.5 years.
Lysholm score increased from 60.5±14 to 83±13 at
7.5 years. MCs from 44.6±2.4 to 70.7±7.8 at 3 years.
sF36 MCs from 75.8±15 to 83.0±15 at 2 years
Preop scores HHs no pain in 40, slight pain in 2;
moderate/severe pain in 6; severe pain in 6.
Preop. scores: HHs 75.9 (range, 60-91); Lysholm
54.2 (range, 34-67); Postop scores: HHs 86.8 (range,
70-100), Lysholm 83 (range, 70-100)
Preop scores: Lysholm 55.5±21.7; HHs 74.8±11.7;
tegner 2.6±0.9; iKDC 43±14.9. Postop (1 y) scores:
Lysholm 73±23.9; HHs 87.8±11.0; tegner 3.7±1.8;
iKDC 66.1±21
MCs. Preop 42.9 (range, 8 to 63) Postop 65.1 (range,
10 to 100)
Preop scores: iKDC 44.6±17.8, Lysholm 52.1±20.8;
Postop (5 y) scores: iKDC 69.4±18.6; Lysholm
76.6±20.5
Kss increased from 135.6±33.9 to 160.5±26.3 at 5
years . WoMAC increased from 50.7±20.8 to
76.1±18.5 at 5 years
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cally better with oWHto than with CWHto. Deie et
al. (56) asserted that oWHto reduced varus moment
and lateral thrust, whereas CWHto had little effect in
terms of  reducing lateral thrust. other authors, such as
Duivenvoorden et al. (57) and Brouwer et al. (58), did
not find any differences.
Table 3, in which we report the most important stu-
dies in the literature describing the results of
oWHto, shows that follow-up of  these procedures
is limited: the longest follow-up we are able to report
for oWHto, found in a meta-analysis, is 20 years
(51). in this study the survivorship of  the opening
wedge osteotomy at 5, 10, 15 and 20 years was 92.4,
84.5, 77.3 and 72.3%, respectively.
Floerkeimeier et al. (14) reported that no osteotomy
failed at 3.6 years. Bode et al. (59), in their study of  62
patients who underwent oWHto, reported a survi-
vorship of  96% at five years. DeMeo (60) reported an
eight-year survival rate of  70% (14 out of  a total of  20
oWHtos).
Bonasia et al. (9) reported a survivorship of  98.5% at
five years and 75.9% at 7.5 years. this is the largest
study we found in literature with a midterm follow-up.
the good outcomes reported and the absence of  loss
of  correction after the osteotomy must be attributed
to accurate patient selection, respecting the above-
mentioned criteria, as well as to a cautious postopera-
tive regimen including early mobilization and adequate
rehabilitation, preventing postoperative RoM reduc-
tion. this is important as a postoperative RoM of  less
than 120° is a unfavorable prognostic factor, as shown
by Bonasia et al. (9).
Midterm outcomes of  oWHto reported in the lite-
rature are good, characterized by improvements in
functional scores. Fashingbauer et al. (61) reported a
92.3% rate of  return to pre-operative sports activities
after surgery, with a shift to lower impact activities. in
the opinion of  the Authors, Hto allows the young,
active patient with medial oA of  the knee to return to
work, at the same intensity as before, and also to
return to sport. 
Bonnin et al. (62) observed that among patients under
75 years of  age at 50 months of  follow-up, 28% regu-
larly participated in strenuous sports, but 40% were
motivated for these activities. sixty six percent of  the
motivated patients regularly participated in at least one
impact sport (62).
Conclusions
on the basis of  what we found in literature, the ideal
patient for an oWHto is young (under 56 years of
age), is of  normal weight or only slightly overweight
(BMi 25-27.5), has a range of  motion of  at least 120°,
a flexion contracture of  less than 5°, a low grade of
medial compartment oA (< Ahlback ii) without
involvement of  lateral compartment or patellofemoral
compartment, and has a Caton-Deschamps index >
0.6 and a WoMAC score > 45 points. the literature
shows that regardless of  whether or not the procedure
is staged, if  it is correctly planned instability is not a
real contraindication for oWHto (5, 21, 24). When
this indication was respected and the limitations of
the procedure were taken into account, oWHto sho-
wed good outcomes in the literature, with a mean 5-
year and 10-year survivorship of  89.3% (range 75-
98.7%) and 77.6% (range 51-97.6%), respectively (20).
Longer follow-up studies regarding oWHto are cer-
tainly required.
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